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Description 

SECONDARY BATTERY CONTROL 

CIRCUIT 

Cross Reference to Related Applications 

[0001] This application is a divisional of and claims benefit prior- 
ity to U.S. Non-Provisional Patent Application No. 
09/700,583, which application is hereby incorporated by 

reference. 
Technical Field 

[0002] The present invention relates to a secondary battery con- 
trol circuit, and specifically, to a control circuit for reliably 
performing the charging and discharging of a lithium ion 

secondary battery. 
Background of Invention 

[0003] | n the past, as controls for the charging of a lithium ion 
secondary battery, a charging voltage control, a charging 
current control, a control which enables the charging only 
within a predetermined temperature range, and the like, 


have been incorporated in a battery charger. In a battery 
pack in which a lithium ion secondary battery, etc., is in- 
corporated, a control which detects the voltage of a bat- 
tery and interrupts the charging when the voltage is equal 
to or greater than a predetermined voltage value is pro- 
vided as a provision for the case where charging voltage 
control does not work. The above-described charging in- 
terruption control provided in the battery pack is termed 
as overcharge protection. 
[0004] Furthermore, a control has been performed in which the 
temperature of a battery in the above-described battery 
pack is measured by a thermistor, an output of which is 
connected to a battery charger, and in the battery charger, 
the charging is enabled only within a predetermined tem- 
perature range. 

[0005] on the other hand, conventionally, as the control associ- 
ated with the discharging of the lithium ion secondary 
battery, etc., a control which interrupts the discharging 
when a load short-circuit occurs, a control which detects 
an excessive rush current during the discharging and in- 
terrupts the discharging, and a control which detects a 
constant current during the discharging and interrupts the 
discharging have been performed. These controls are 


generically referred to as an overcurrent protection. 

[0006] Controls at the battery pack side, such as the above- 
described overcharge protection, the thermistor control, 
and the overcurrent protection, are generically referred to 
as safety circuits. 

[0007] The above-described overcurrent protection is one of the 
protection functions for a battery such as a lithium ion 
secondary battery, etc. However, in many cases, in prepa- 
ration for a case where this protection does not work, a 
PTC element having a ring shape is installed in the lithium 
ion secondary battery itself, or a PTC element is provided 
in the battery pack. 

[0008] The PTC (Positive Temperature Coefficient) element is an 
element such that the resistance value is low during a 
normal operation, but abruptly increases when heated by 
itself or by an ambient temperature. This element has 
been used for overcurrent/heatup protection. 

[0009] a battery pack which uses a lithium ion secondary battery 
and the secondary battery control circuit (safety circuit) is 
described in, for example, Japanese Laid-Open Publication 
No. 10-275612. 

[0010] However, in the above-described conventional structure, 
in the case where a PTC element having a ring shape 


which has been installed in a lithium ion secondary bat- 
tery itself is activated, an expansion force in a direction of 
the thickness of the PTC element is affected in a direction 
in which a caulking portion of a battery sealing portion is 
opened. This has been a cause for leakage of electrolytic 
solution. Furthermore, there has been a concern that the 
deterioration in a life cycle or the swelling of the sec- 
ondary battery which results from the fully-charged 
lithium ion secondary battery, etc., being left in a high 
temperature condition. 

[0011] Furthermore, there has been a concern that circuit mal- 
function, corrosion, or problems due to hydrofluoric acid 
generated by adding water to an electrolytic solution may 
be caused in the case where a liquid infiltrates into a sec- 
ondary battery such as a lithium ion secondary battery or 
into a battery pack in which the above-described sec- 
ondary battery is installed, or in the case where an elec- 
trolytic solution inside the battery is leaked. 

[0012] | n general, the main component of an electrolytic solution 
which is used for a lithium ion secondary battery is lithium 
hexafluorophosphate. 

[0013] The chemical reaction caused in the case where water is 
infiltrated into lithium hexafluorophosphate is repre- 


sented by expression (1-1). By this chemical reaction, hy- 
drofluoric acid (i.e., a very strong acid) is generated. 
[OO 14 ] LiPOF (lithium hexafluorophosphate) +H O^LiPOF 2HF 

6 2 4 

(water is present)-»l_iF+POF 3 t+2HFt (after decomposition) 
... (1-D 

[0015] The present invention solves such conventional problems. 
An objective of the present invention is to provide a sec- 
ondary battery control circuit which can reliably control 
charging/discharging without activating a PTC element, 
which reduces deterioration in life cycle and the occur- 
rence of swelling of the battery, and which can be in- 
stalled in a small space section in a battery pack. 
Summary of Invention 

[0016] | n order to achieve a solution to the above problem, a 

secondary battery control circuit of the present invention 
includes: a temperature detection section for detecting a 
temperature of a secondary battery; and a control section 
for controlling charging/discharging of the secondary 
battery based on a temperature detected by the tempera- 
ture detection section, wherein the control section inter- 
rupts charging of the secondary battery in a case where 
the temperature detected by the temperature detection 
section is out of a predetermined first temperature range, 


and interrupts discharging of the secondary battery in the 
case where the temperature detected by the temperature 
detection section is out of a predetermined second tem- 
perature range. Thus, a liquid leakage phenomenon of an 
electrolytic solution due to the activation of a ring-shaped 
PTC element installed in a lithium ion secondary battery 
itself can be prevented. 

[0017] The predetermined second temperature range may in- 
clude the predetermined first temperature range. 

[0018] a secondary battery control circuit of the present inven- 
tion includes: a voltage detection section for detecting a 
voltage of a secondary battery; a temperature detection 
section for detecting a temperature of the secondary bat- 
tery; and a control section for controlling charging/dis- 
charging of the secondary battery based on a voltage de- 
tected by the voltage detection section and a temperature 
detected by the temperature detection section, wherein in 
a case where the voltage detected by the voltage detection 
section is equal to or greater than a predetermined first 
voltage value, and the temperature detected by the tem- 
perature detection section is equal to or greater than a 
predetermined temperature, the control section dis- 
charges the secondary battery until the voltage of the sec- 


ondary battery reaches a predetermined second voltage 
value. Thus, the deterioration in life cycle and swelling of 
the battery which result from a fully-charged secondary 
battery, such as a lithium ion secondary battery, etc., be- 
ing left in a high temperature condition can be prevented. 

[0019] it is preferable that the predetermined first voltage value 
and the predetermined second voltage value are detected 
by a single circuit having a hysteresis. 

[0020] it j S preferable that either the predetermined first voltage 
value or the predetermined second voltage value is equal 
to an overcharge releasing voltage value. 

[0021] a discharge canceling condition for the secondary battery 
may include a temperature condition for the secondary 
battery. 

[0022] a secondary battery control circuit of the present inven- 
tion includes a control section for interrupting charging/ 
discharging of the secondary battery in the case where a 
liquid is detected by a liquid detection section for detect- 
ing infiltration or generation of a liquid inside the sec- 
ondary battery or inside a battery pack in which the sec- 
ondary battery is installed. In such a structure, when cir- 
cuit malfunction, corrosion, or problems due to hydroflu- 
oric acid generated by adding water to an electrolytic so- 


lution (which may be caused in the case where a liquid is 
infiltrated into a secondary battery such as a lithium ion 
secondary battery or into a battery pack in which the 
above-described secondary battery is installed, or in the 
case where an electrolytic solution inside the battery is 
leaked) are caused, the charging/discharging of the sec- 
ondary battery is disabled, whereby a user can be notified 
of the occurrence of a problem. 
[0023] The secondary battery control circuit further includes a 

temperature detection section for detecting a temperature 
of the secondary battery, and the control section may 
control charging/discharging of the secondary battery 
based on a temperature detected by the temperature de- 
tection section. 

[0024] | n t he case where the secondary battery control circuit is 
formed on a single semiconductor chip, a small sized sec- 
ondary battery control circuit is achieved. By enclosing the 
semiconductor chip in a sealing section of the secondary 
battery or by mounting the semiconductor chip in a nar- 
row space section of a battery pack, a secondary battery 
in which a secondary battery control circuit is installed or 
a small sized secondary battery pack in which a secondary 
battery control circuit is mounted in a narrow space sec- 


tion of , battery pack can be provided. 
[0025] Hereinafter, functions of the present invention are de- 
scribed. 

[0026] According to one aspect of the invention, in the case 

where a temperature detected by a temperature detection 
section is out of a predetermined first temperature range 
or out of a predetermined second temperature range, 
charging/discharging of the secondary battery is inter- 
rupted. This prevents a liquid leakage phenomenon of an 
electrolytic solution due to the activation of a PTC element 
installed in the secondary battery. 

[0027] According to another aspect of the invention, in the case 
where a voltage detected by a voltage detection section is 
equal to or greater than a predetermined third first volt- 
age value, and the temperature detected by a temperature 
detection section is equal to or greater than a predeter- 
mined fourth temperature, the secondary battery is dis- 
charged until the voltage of the secondary battery reaches 
a predetermined second voltage value which is smaller 
than the predetermined first voltage value. By such a 
forced discharge, deterioration in the life cycle and 
swelling of the secondary battery due to the charged sec- 
ondary battery being in the high temperature condition 


can be prevented. 
[0028] According to yet another aspect of the invention, in the 
case where the generation of a liquid is detected by a liq- 
uid detection section, charging/discharging of the sec- 
ondary battery is interrupted. This allows a user to notice 
a malfunction or a corrosion or a circuit due to a liquid, 
such as water or an electrolytic solution, etc., or a prob- 
lem caused due to hydrofluoric acid being generated by 

addition of water to an electrolytic solution. 
Brief Description of Drawings 

[0029] Figure 1 is a drawing which shows a configuration of a 

control circuit 20 of a secondary battery 10 according to 

an embodiment of the present invention. 
[0030] Figure 2 is a drawing which shows a relationship between 

a detected temperature and logic levels of output signals 

O -O . 

Tl T5 

[0031] Figure 3 is a drawing which shows a relationship between 
a detected temperature T b and logic levels of a charge 
disabling signal CD and a discharge disabling signal DD. 

[0032] Figure 4 is a drawing which shows a configuration exam- 
ple of a liquid detection section 62. 

[0033] Figure 5 is a drawing which shows a relationship between 
ranges for a detected voltage and logic levels of output 


signals O -O . 
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[0034] Figure 6 is a drawing which shows a configuration of a 
portion of a voltage detecting/outputting section 48 
which outputs the output signal O vg . 

[0035] Figure 7 is a cross-sectional view which shows a sealing 

section 80 of the secondary battery 10. 
Detailed Description 

[0036] Hereinafter, an embodiment of the present invention will 
be described with reference to the drawings. 

[0037] Figure 1 shows a configuration of a control circuit 20 of a 
secondary battery 10 (hereinafter, referred to as a sec- 
ondary battery control circuit 20) according to an embodi- 
ment of the present invention. The secondary battery 10 
is, for example, a lithium ion secondary battery. 

[0038] The secondary battery control circuit 20 is formed on a 
semiconductor chip 20a. In Figure 1, an area encom- 
passed by a dotted line denotes an area occupied by the 
secondary battery control circuit 20 formed on the semi- 
conductor chip 20a. The secondary battery control circuit 
20 is provided with a positive (+) terminal 22, a negative 
(-) terminal 24, and a B+ terminal 26. 

[0039] The secondary battery 10 is connected between the nega- 
tive (-) terminal 24 and the B+ terminal 26. A PTC element 


12 is connected in series with the secondary battery 10. 

[0040] a battery charger (not shown) or a load (not shown) can 

be connected between the positive (+) terminal 22 and the 
negative (-) terminal 24. 

[0041] a FET 30 is provided between the positive (+) terminal 22 
and the B+ terminal 26. The FET 30 is a type of switching 
element that is switchable among four states based on a 
gate voltage. A function and an operation of the FET 30 
are equivalent to, for example, a function and an opera- 
tion of a FET switching element mounted on a semicon- 
ductor chip named UCC3911 commercially available from 
UNITRODE Co. The function and the operation of this 
switching element are disclosed in U.S. Patent No. 
5,581,170. 

[0042] The four states of the FET 30 are switched in response to 
an output from a switch (SW) 32 or an output from a 
charge/discharge control section 42. The four states of 
the FET 30 are as shown below. 

[0043] on state: the secondary battery 10 is chargeable and dis- 
chargeable. 

[0044] off state: the secondary battery 10 is not chargeable or 
dischargeable. 

[0045] intermediate state 1: the secondary battery 10 is charge- 


able but is not dischargeable. 

[0046] intermediate state 2: the secondary battery 10 is not 
chargeable but is dischargeable. 

[0047] The secondary battery control circuit 20 controls the 

charging/discharging of the secondary battery 10 by con- 
trolling the state of the FET 30. Hereinafter, how the sec- 
ondary battery control circuit 20 controls the FET 30 will 
be described in detail. 

[0048] a temperature detection section 52 detects the tempera- 
ture of the secondary battery 10. The temperature detec- 
tion section 52 and the secondary battery 10 are thermally 
coupled by, for example, a metal plate, silicone, etc. The 
temperature detection section 52 can utilize, for example, 
a temperature characteristic of a semiconductor. The tem- 
perature detection section 52 outputs an analog signal in- 
dicative of a detected temperature. The analog signal is 
supplied to a temperature state output section 54. 

[0049] The temperature state output section 54 outputs an out- 
put signal (O -O ) corresponding to the detected tem- 
perature to a system logic 46, and outputs an output sig- 
nal O ts corresponding to the detected temperature to a 
forced discharge logic 56. To the temperature state out- 
put section 54, a reference voltage is supplied from a ref- 


erence voltage generation section 50. 
[0050] Figure 2 shows a relationship between a detected temper- 
ature and the logic levels of output signals O ti -0 . In the 
case where the detected temperature is denoted by T" b the 
logic levels of output signals O ti -O t5 are defined as be- 
low: Output signal O : when T" b < 3°C, H level; otherwise, 
L level. 

[0051] Output signal O : when 3°C < T b < 47°C, H level; other- 
wise, L level. 

[0052] output signal O : when 47°C <T" b < 95°C, H level; other- 
wise, L level. 

[0053] Output signal O : when 95°C < T . H level; otherwise, L 
level. 

[0054] Output signal O : when 35°C < T , H level; otherwise, L 
level. 

[0055] it should be noted that the temperature ranges shown in 
Figure 2 are merely examples, and that the present inven- 
tion is not limited to the temperature ranges shown in 
Figure 2. 

[0056] The system logic 46 receives the above-described output 
signals O -O , and determines which of the output sig- 

a Tl T4 ^ 3 

nals 0-0 is at a H level, thereby determining which of 

Tl T4 7 a 

a plurality of temperature ranges (i.e., temperature ranges 


I-VI shown below) the detected temperature T~ b is in. 
Herein, the temperature ranges l-VI are defined as: 
[0057] Temperature range I: < 3°C 

[0058] Temperature range II: 3°C < T~ b < 47°C 

[0059] Temperature range III: 47°C < T fa < 95°C 

[0060] Temperature range IV: 95°C < T b 

[0061] Temperature range V: < 35°C 

[0062] Temperature range VI: 35°C < T b 

[0063] | n the case where the detected temperature T is within 

b 

the temperature range II, the system logic 46 sets a 
charge disabling signal CD to a H level; in the case where 
the detected temperature T is within the temperature 

b 

range I, III, or IV, the system logic 46 sets the charge dis- 
abling signal CD to a L level. Herein, the charge disabling 
signal CD being at a H level means that charging of the 
secondary battery 10 is allowed; the charge disabling sig- 
nal CD being at a L level means that charging of the sec- 
ondary battery 10 is prohibited. 
[0064] in the case where the detected temperature T is within 

b 

the temperature range I, II, or III, the system logic 46 sets 
a discharge disabling signal DD to a H level; in the case 


where the detected temperature T is within the tempera- 

b 

ture range IV, the system logic 46 sets the discharge dis- 
abling signal DD to a L level. Herein, the discharge dis- 
abling signal DD being at a H level means that discharge 
of the secondary battery 10 is allowed; the discharge dis- 
abling signal DD being at a L level means that discharge 
of the secondary battery 10 is prohibited. 
[0065] Figure 3 shows a relationship between the detected tem- 
perature T~ b and the logic levels of the charge disabling 
signal CD and the discharge disabling signal DD. The 
charge disabling signal CD and the discharge disabling 
signal DD are output from the system logic 46, and are 
supplied to the charge/discharge control section 42. Fur- 
thermore; Figure 3 also shows a relationship between the 
detected temperature T and the logic level of the output 

b 

signal O . 
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[0066] | n response to the charge disabling signal CD at a H level 
and the discharge disabling signal DD at a H level, the 
charge/discharge control section 42 sets the state of the 
FET 30 to the "ON state". Similarly, in response to the 
charge disabling signal CD at a L level and the discharge 
disabling signal DD at a L level, the charge/discharge 
control section 42 sets the state of the FET 30 to the "OFF 


state"; in response to the charge disabling signal CD at a 
H level and the discharge disabling signal DD at a L level, 
the charge/discharge control section 42 sets the state of 
the FET 30 to the "Intermediate state 1"; in response to 
the charge disabling signal CD at a L level and the dis- 
charge disabling signal DD at a H level, the charge/dis- 
charge control section 42 sets the state of the FET 30 to 
the "Intermediate state 2". 

[0067] The operation of a charge pump 44 is controlled by a 
control signal Off output from the system logic 46. 

[0068] | n this way, in the case where the detected temperature T 

b 

is not within the temperature range II, the charge/dis- 
charge control section 42 controls the FET 30 so as to in- 
terrupt the charging of the secondary battery 10. In the 
case where the detected temperature T is not within the 

b 

temperature range I, II, or III, the charge/discharge control 
section 42 controls the FET 30 so as to interrupt the dis- 
charging of the secondary battery 10. The discharging of 
the secondary battery 10 is interrupted when the detected 
temperature T is not within the temperature range I, II, or 

b 

III, whereby the secondary battery 10 can be controlled so 
that the secondary battery 10 is not discharged when the 
detected temperature T is within the temperature range 


in which an adverse effect can be caused to the PTC ele- 
ment 12. As a result, the safety in charging/discharging 
the secondary battery 10 can be improved. 

[0069] The secondary battery control circuit 20 further includes a 
WET terminal 28. As shown in Figure 1, a detected pattern 
72 is connected to a liquid detection section 62 through 
the WET terminal 28. A B+ input/output pattern 74 is pro- 
vided adjacent to the detected pattern 72. The B+ input/ 
output pattern 74 is connected to the B+ terminal 26. The 
detected pattern 72 and the B+ input/output pattern 74 
are in close proximity so that the distance therebetween is 
about 0.1 mm, but are electrically separated. Thus, in a 
normal state, the impedance (resistance value) between 
the detected pattern 72 and the B+ input/output pattern 
74 is a value approaching infinity. 

[0070] The attachment of a liquid 76, such as water, an elec- 
trolytic solution, etc., reduces the impedance (resistance 
value) between the detected pattern 72 and the B+ input/ 
output pattern 74 to several tens to several hundreds of 
kilo-Ohms. By detecting the reduction in this impedance 
(resistance value), the liquid detection section 62 detects 
infiltration or generation of the liquid in the secondary 
battery 10 or in a battery pack in which the secondary 


battery 10 is installed. For example, in the case where the 
secondary battery control circuit 20 is mounted on a 
printed circuit board, the detected pattern 72 and the B+ 
input/output pattern 74 can be readily formed as conduc- 
tive patterns. 

[0071] Figure 4 shows a configuration example of the liquid de- 
tection section 62. The liquid detection section 62 in- 
cludes a constant current source 62a, a reference voltage 
source 62b, and a comparator 62c. One of inputs of the 
comparator 62c is connected to the constant current 
source 62a and the WET terminal 28. The other input of 
the comparator 62c is connected to the reference voltage 
source 62b. An output of the comparator 62c is supplied 
to a charge/discharge stoppage logic 64. 

[0072] when a liquid is detected by the liquid detection section 
62, the liquid detection section 62 activates the charge/ 
discharge stoppage logic 64. As a result, the charge/ 
discharge stoppage logic 64 turns the switch (SW) 32 to 
the ON state. Accordingly, the gate voltage of the FET 30 
goes LOW, and the FET 30 is turned to the OFF state, 
whereby both charging and discharging of the secondary 
battery 10 are disabled. 

[0073] | n this way, when a liquid is detected by the liquid detec- 


tion section 62, the charge/discharge stoppage logic 64 
controls the FET 30 so as to interrupt the charging/dis- 
charging of the secondary battery 10. Thus, it is possible 
to make a user aware of a malfunction or a corrosion of 
the circuit due to water or an electrolytic solution, etc., or 
a problem due to hydrofluoric acid being generated by 
addition of water to an electrolytic solution. 
[0074] The interruption of charging/discharging by the charge/ 
discharge stoppage logic 64 is performed prior to the in- 
terruption of charging/discharging by the system logic 
46. 

[0075] The secondary battery control circuit 20 further includes a 
voltage detecting/outputting section 48 that detects the 
voltage of the secondary battery 10 and outputs an output 
signal (O vl "0 V6 ) corresponding to the detected voltage. A 
reference voltage is supplied from the reference voltage 
generation section 50 to the voltage detecting/outputting 
section 48. 

[0076] Figure 5 shows a relationship between ranges for the de- 
tected battery voltage and the logic levels of the output 
signals O -O .In Figure 5, Vnor denotes a normal state 
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range; Voc denotes an overcharge range; Vocr denotes a 
discharging only enabling range; Vodr denotes a charging 


only enabling range; and Vod denotes an overdischarge 
range. 

[0077] | n t he case where the detected battery voltage is within 

the normal state range Vnor, the system logic 46 sets the 
charge disabling signal CD to a H level, and sets the dis- 
charge disabling signal DD to a H level. 

[0078] | n the case where the detected battery voltage is within 

the overcharge range Voc or the discharging only enabling 
range Vocr, the system logic 46 sets the charge disabling 
signal CD to a L level. 

[0079] in the case where the detected battery voltage is within 
the charging only enabling range Vodr or the overdis- 
charge range Vod, the system logic 46 sets the discharge 
disabling signal DD to a L level. 

[0080] The charge disabling signal CD and the discharge dis- 
abling signal DD are output from the system logic 46, and 
are supplied to the charge/discharge control section 42. 

[0081] The charge/discharge control section 42 controls the 

state of the FET 30 based on the charge disabling signal 
CD and the discharge disabling signal DD. The interrup- 
tion of charging/discharging by the system logic 46 based 
on an output from the temperature state output section 
54 is performed prior to the interruption of charging/ 


discharging by the system logic 46 based on an output 
from the voltage detecting/outputting section 48. 

[0082] Furthermore, in the case where the output signal O vg 

(Figure 5) is output from the voltage detecting/outputting 
section 48, and the output signal O t5 from the tempera- 
ture state output section 54 is at a H level, the forced dis- 
charge logic 56 is activated. The forced discharge logic 56 
turns a switch (SW) 34 provided between the negative (-) 
terminal 24 and the B+ terminal 26 to the ON state, 
whereby the secondary battery 10 is forcibly discharged. 

[0083] | n this way, when the voltage detected by the voltage de- 
tecting/outputting section 48 is equal to or greater than a 
predetermined voltage value (e.g., 4 V), and the tempera- 
ture detected by the temperature detection section 52 is 
equal to or greater than a predetermined temperature 
(e.g., 35°C), the secondary battery 10 is discharged until 
reaching a predetermined voltage value (e.g., 3.9 V). Such 
a forced discharge can reduce deterioration in life cycle 
and swelling of the secondary battery 10 which result 
from the charged secondary battery 10 being in a high 
temperature condition. 

[0084] For example, in the case where the charged secondary 
battery 10 is left in a temperature condition of 35°C or 


more, the capacity of the battery can be reduced by 20% 
by performing the above-described forced discharge pro- 
cess, whereby deterioration in life cycle (the number of 
times that the battery can be used) can be reduced. Fur- 
thermore, in the case where the charged secondary bat- 
tery 10 is left in a temperature condition of 60°C or more, 
the capacity of the battery can be reduced by 20% by per- 
forming the above-described forced discharge process, 
whereby swelling of the battery can be prevented. 
[0085] it j S preferable that either a predetermined voltage value 
which is a starting condition for the forced discharge (e.g., 
4 V) or a predetermined voltage value which is a canceling 
condition for the forced discharge (e.g., 4 V) is equal to 
the overcharge releasing voltage value Vocr. This is pre- 
ferred because additional circuitry is not required for set- 
ting these predetermined voltage values to the overcharge 
releasing voltage value Vocr, and the overcharge releasing 
voltage value Vocr is a practically appropriate voltage 
value. 

[0086] These predetermined voltage values can be detected by a 
single circuit having a hysteresis. Accordingly, the number 
of comparators can be reduced as compared to a case 
where a circuit not having a hysteresis is employed to de- 


tect a predetermined voltage value. 
[0087] Figure 6 shows a configuration of a portion of a voltage 

detecting/outputting section 48 which outputs the output 
signal O . 
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[0088] The output signal O vg is output from a comparator 48a. 
To one of the inputs of the comparator 48a (negative (-) 
input), a voltage VB+ which is to be input to the voltage 
detecting/outputting section 48 is supplied. To the other 
input of the comparator 48a (positive (+) input), an output 
of the comparator 48a is fed back through a resistor 48d. 
Furthermore, the positive (+) input of the comparator 48a 
is connected to the reference voltage generation section 
50 through a resistor 48b, and connected to ground 
through a resistor 48c. Herein, the resistance values of 
the resistors 48b, 48c, and 48d are Rl, R2, and R3, re- 
spectively. 

[0089] | n the case where the voltage VB+ is smaller than a volt- 
age of the positive (+) input of the comparator 48a 
(reference voltage 48E), the reference voltage 48E is rep- 
resented by expression (2-1) shown below: 

[0090] (Output of reference voltage generation section 50) x R2 / 
{Rl x R3 / (Rl + R3) + R2} ... (2-1) 

[0091] | n the case where the voltage VB+ is higher than the volt- 


age of the positive (+) input of the comparator 48a 
(reference voltage 48E), the reference voltage 48E is rep- 
resented by expression (2-2) shown below: 

[0092] {(Output of reference voltage generation section 50) x(R2 
x R3) / (R2 + R3)} / {R2 x R3 / (R2 + R3) + Rl} ... (2-2) 

[0093] | n this way, the comparator 48a can possess a property of 
hysteresis by automatically changing the reference voltage 
48E based on whether the voltage VB+ is smaller or 
higher than the reference voltage 48E. Therefore, a prede- 
termined voltage value which is the starting condition for 
the forced discharge and a predetermined voltage value 
which is the canceling condition for the forced discharge 
can be established by using a single comparator 48a. 

[0094] Furthermore, the canceling condition for the forced dis- 
charge may include the temperature condition for the sec- 
ondary battery 10. For example, the forced discharge may 
be cancelled when the voltage of the secondary battery 10 
reaches a predetermined voltage value (e.g., 4 V) and the 
temperature of the secondary battery 10 reaches a prede- 
termined temperature. 

[0095] still further, a resistor 36 provided between the switch 
(SW) 34 and the B+ terminal 26 is generally formed on a 
semiconductor chip 20a. However, the resistor 36 may be 


provided outside the semiconductor chip 20a so that the 
value of the resistor 36 can be adjusted from the outside 
of the semiconductor chip 20a. 

[0096] Figure 7 is a cross-sectional view that shows a structure 
in which the secondary battery control circuit 20 of the 
present invention is positioned in a sealing section 80 of 
the secondary battery 10. As shown in Figure 7, the sec- 
ondary battery control circuit 20 is accommodated inside 
the sealing section 80. An explosion-proof space in the 
sealing section 80 is considered in a space for accommo- 
dating the secondary battery control circuit 20. This 
structure is described in Japanese Co-Pending Application 
No. 10-323643. 

[0097] INDUSTRIAL APPLICABILITY 

[0098] According to a secondary battery control circuit of the 
present invention, in the case where a temperature de- 
tected by a temperature detection section is out of a pre- 
determined first temperature range or out of a predeter- 
mined second temperature range, charging/discharging 
of the secondary battery is interrupted. This prevents a 
liquid leakage phenomenon of an electrolytic solution due 
to the activation of a PTC element installed in the sec- 
ondary battery. 


[0099] Further, according to a secondary battery control circuit of 
the present invention, in the case where a voltage de- 
tected by a voltage detection section is equal to or greater 
than a predetermined first voltage value, and the temper- 
ature detected by a temperature detection section is equal 
to or greater than a predetermined temperature, the sec- 
ondary battery is discharged until the voltage of the sec- 
ondary battery reaches a predetermined second voltage 
value which is smaller than the predetermined first volt- 
age value. By such a forced discharge, deterioration of a 
life cycle and swelling of the secondary battery due to the 
charged secondary battery being in the high temperature 
condition can be prevented. 

[0100] Furthermore, according to a secondary battery control cir- 
cuit of the present invention, in the case where the gener- 
ation of a liquid is detected by a liquid detection section, 
charging/discharging of the secondary battery is inter- 
rupted. This allows a user to notice a malfunction or a 
corrosion of a circuit due to a liquid, such as water or an 
electrolytic solution, etc., or a problem caused due to hy- 
drofluoric acid being generated by addition of water to an 
electrolytic solution. 


